


































- (ARUTA  AND  COWORKERS  ;=  HAVE  SHOWN  THAT  NANOMETER 
SIZED  GOLD  CLUSTERS  ON  SEVERAL  OXIDE  SURFACES  WERE  VERY 






SUCH  AS  4I/  -G/  &E/  #O/X  .I/  IN  THE  SIZE  RANGE 
  NM  HAVE  IMPORTANT  CATALYTIC  ACTIVITIES  )T  IS  GENERALLY 
OBSERVED  THAT  BY  DECREASING  PARTICLE  SIZE  BELOW   NM  THE 
RATE  OF  THE  CATALYTIC  OXIDATION  OF  #/  INCREASES  AND  THAT  IF 
THE !U CLUSTERS ARE SUPPORTED ON MORE REDUCIBLE OXIDES THE 
ACTIVITY  IS  ALSO  HIGHER  (OWEVER  IT  IS  DIF½CULT  TO  DISENTANGLE 
BETWEEN  THE  SUPPORT  AND  SIZE EFFECTS BECAUSE DEPENDING 
ON THE PREPARATION METHOD AND ON THE NATURE OF THE SUPPORT 
PARTICLES WITH DIFFERENT SIZES ARE OBTAINED 4O OVERCOME THIS 







!N  INTIMATE  CONTACT  BETWEEN  THE  !U  DEPOSIT  AND  THE 
OXIDE  SURFACE  INCREASES  THE CATALYTIC ACTIVITY  ;=  4HE ACTIVE 
INTERFACIAL GOLD ATOMS COULD BE CATIONIC ; =
!S  CONCERNING  THE  INCREASE  OF  ACTIVITY  BY  DECREASING 





IS  THE MORPHOLOGY OF  THE METAL CLUSTERS  ;= 4HE SHAPE OF 
GOLD  PARTICLES  PREPARED  BY  VACUUM  EVAPORATION  ON  -G/ 
SUBSTRATES  AT  A  TEMPERATURE  OF  AT  LEAST  #  HAS  BEEN 
STUDIED BY EX SITU (24%-  ;= AND BY IN SITU !&- ; = 
4HEY PRESENT A TRUNCATED OCTAHEDRON SHAPE EXPOSING SMOOTH 




ACTIVE AT 24  REACTION PROBABILITY OF 	  ;= 4HE  SAMPLE 
WITH  NM PARTICLES WERE PREPARED AT 24 AND THE PARTICLES 
PRESENTED  FACETED  FCC  SHAPES  MULTIPLE  TWINS  WITH  ½VEFOLD 
SYMMETRY  AND  FOR  A  LARGE  NUMBER  UNIDENTI½ED  SHAPES  !S 
CONCERNING GOLD CLUSTERS PREPARED BY WET CHEMICAL METHODS 
IT  HAS  BEEN  SHOWN  BY  (24%-  OBSERVATION  THAT  FOR  GOLD 
PARTICLES  PREPARED  BY  DEPOSITION  PRECIPITATION  ON  4I/ 
POWDER  THE  PARTICLES  WITH  A  WELL  FACETED  TRUNCATED 
OCTAHEDRON SHAPE WERE  LESS ACTIVE  THAN THOSE WITH A MORE 
ROUNDED SHAPE ;=






INTERFACE  IS  COMPLETELY  ACCOMMODATED  TO  THE  SUBSTRATE 
LEADING  TO  A  DILATATION  OF  THE  !U  LATTICE  BY    AT  THE 
INTERFACE 
)N THESE CONDITIONS NO REENTRANT ANGLES ARE SEEN AT THE 
















ENVIRONMENT  DURING  THE  CATALYTIC  REACTION  CAN  PLAY  ALSO  A 
CRUCIAL ROLE )T HAS BEEN ESTABLISHED THAT PRESENCE OF WATER AT 
MODERATE  CONCENTRATION  CAN  INCREASE  SIGNI½CANTLY  THE 
CATALYTIC  ACTIVITY  FOR  #/  OXIDATION  ;=  4HE  PRESENCE  OF 
ADSORBATES CAN CHANGE THE PARTICLE SHAPE BY MODI½CATION OF 
SURFACE  ENERGIES  ;=  IT  HAS  ALSO  BEEN  SHOWN  THAT  THE 
PRESENCE  OF  OXYGEN  CAN  INDUCE  COALESCENCE  OF  TINY  GOLD 
CLUSTERS ;= 4HUS IT IS IMPORTANT TO STUDY IN SITU DURING THE 






!U  CLUSTERS  AND  THE  OXIDES  SUBSTRATES  4HEN  IN  ORDER  TO 
IMPROVE THE KNOWLEDGE ON THE #/ OXIDATION ON !U CLUSTERS 
IN  SITU  STUDIES  OF  THE  SAME  CLUSTERS  DURING  CYCLES  OF  GAS 
TREATMENTS  ARE  PERFORMED  BY  USING  THE  TECHNIQUE  OF 
ENVIRONMENTAL ELECTRON MICROSCOPY IN HIGH RESOLUTION UNDER 
HIGH PRESSURE OF GAS  MBAR	 AT THE LEVEL OF THE SAMPLE




IS  A  TRUNCATED OCTAHEDRON  LIMITED BY  SMALL  	  AND  	 
FACES AND THE EXTENSION OF  THE FACETS  IS DETERMINED BY THE 












&IG    PRESENTS  A  SMALL  CLUSTER    NM	  ON  A  -G/  	 
CRYSTAL FACE IN PRO½LE VIEW ALONG A ;= AXIS 4HE SHAPE IS A 
PERFECT PYRAMID  LIMITED BY  FOUR  	  FACES  SITTING ON ONE 









ON  4I/  	  !  $  LAYER  OF  GOLD  CAN  BE  OBSERVED  AT  THE 






SAMPLES  WERE  DIRECTLY  DEPOSITED  IN  THE  AIR  ON  A  4%-  GRID 
PREVIOUSLY  COVERED  WITH  A  CARBON  ½LM  AND  SOMETIMES 
PROTECTED BY ANOTHER CARBON ½LM ON THE SURFACE !U CLUSTERS 
WERE  OBSERVED  ON  A  RUTILE  	  4I/  SURFACE  IN  EPITAXIAL 
&ROM ½G  THE  NM PARTICLE IS TOO SHARP TO DETERMINED 




IS  AN  OVERVIEW  OF  !U  CLUSTERS  ON  -G/  MICRO  CUBES  4HEIR 
OUTLINE SHAPE IS LIMITED BY  EDGES WITH ANGLES CORRESPONDING 
TO THE 	 ORIENTATION IN TOP VIEW )N PRO½LE VIEW A CLUSTER 
ORIENTED  	  ON  -G/  	  IS  SEEN  PARALLEL  TO  ITS  ;= 
DIRECTION SO THAT IT IS OBSERVED ALONG 	 AND 	 LIMITING 
FACES  )T  IS  TRUNCATED  ASYMMETRICALLY  AT  THE  TOP  AND  AT  THE 





½G    4AKING  THE  VALUE S     *
























TOWARDS  #/  OXIDATION  HAS  BEEN  STUDIED  IN  A  TEMPERATURE 
RANGE BETWEEN  AND # ;= !FTER CALCINATION OF !U 
CLUSTERS  SUPPORTED  ON  4I/  THE  REACTIVITY  OF  THE  CLUSTERS 
INCREASES WITH A MAXIMAL VALUE OF THE 4/& 4/&  	  FOR 
# THEN IT DECREASES FOR HIGHER TEMPERATURES 4/&   
AT  #	  4HIS  DROP  IS  ATTRIBUTED  TO  THE  CHANGE  OF 
MORPHOLOGY  )NDEED  A  STRONG  FACETING  OF  THE  CLUSTERS  IS 
OBSERVED  AS  IN  ½G    WITH  LESS  LOW  COORDINATED  SITES  LIKE 
CORNERS AND STEPS
(OWEVER  EVEN  IN  THE  CASE  OF  PERFECTLY  HOMOGENEOUS 
PREPARATIONS IN SIZE SHAPE AND DENSITY ALL THE OBSERVATIONS 
BY  (24%-  ARE  PERFORMED  ON  DIFFERENT  CLUSTERS  TO  STUDY 
THE  EFFECT  OF  ANNEALING  OR  TO  STUDY  THE  EFFECT  OF  THE  GAS 
ADSORPTION  ON  THE  MORPHOLOGY  )N  ORDER  TO  STUDY  THE 
MODI½CATIONS OF THE SHAPE DUE TO THE ADSORPTION OF GAS AT 
VARYING  TEMPERATURES  AND  AT  THE  ATOMIC  SCALE  IN  SITU 
OBSERVATIONS  MUST  BE  PERFORMED  BY  ENVIRONMENTAL 
ELECTRON MICROSCOPY  &URTHERMORE  DUE  TO  THE  NONPERFECT 





0IONEER  WORKS  IN  THE  TECHNIQUE  OF  ENVIRONMENTAL  ELECTRON 
MICROSCOPY  AT  THE  ATOMIC  RESOLUTION  FOR  APPLICATIONS  IN 
CATALYSIS  WERE  INITIATED  BY  0  'AI  AND  %  "OYES  ;=  )N  THIS 
SYSTEM THE GAS IS INJECTED AT THE LEVEL OF THE SAMPLE WITH A 
MULTI  STAGE  DIFFERENTIAL  PUMPING  ON  EACH  SIDE  OF  THE  POLE 
PIECE OF THE OBJECTIVE LENS
















DIFFERENT  %#%,,S	  ARE  USED  4HE  ½RST  ONE  WORKS  AT  ROOM 
TEMPERATURE UP TO A GAS PRESSURE OF  MBAR AND THE SAMPLE 
DIRECTLY  LIES ON  THE BOTTOM CARBON WINDOW 4HE OTHER ONE 
CONTAINS  A  HEATING  WIRE  ABLE  TO  OPERATE  BETWEEN  24  AND 
# THE SAMPLE IS DIRECTLY DEPOSITED ON THE HEATING WIRE 
THE MAXIMAL GAS PRESSURE IS  MBAR
!U  CLUSTERS  WERE  PREPARED  BY  ULTRA  HIGH  VACUUM 
CONDENSATION  OF  METAL  ON  AMORPHOUS  CARBON  COVERING  A 
COPPER DISK PIERCED WITH SMALL HOLES TO BE DIRECTLY INSERTED IN 
THE  SAMPLE HOLDER OF  THE MICROSCOPE /THER  SAMPLES WERE 
PREPARED BY DEPOSITION PRECIPITATION ON 4I/ MICRO SPHERES 
$EGUSSA 0 WITH "%4 SURFACE AREA   M G NONPOROUS 
  ANATASE  AND    RUTILE  PURITY    	  ANNEALED 




AT  ROOM  TEMPERATURE  IN  VACUUM  THEN  DURING  CYCLES  OF 




IN (  LEFT  IMAGE	  THEN  IN /  RIGHT  IMAGE	 AT  THE PRESSURE 
 MBAR )N BOTH GASES THE CLUSTER KEEPS ITS ORIGINAL SIZE )T IS 

















AS  WITH  !U  CLUSTERS  SUPPORTED  ON  AMORPHOUS  CARBON  IS 
OBSERVED WITH THIS !U CLUSTER SUPPORTED ON 4I/ ( INDUCES 













WITH  LOW  INDEX  FACETS  ;=  THIS  RESULT NEEDS COMMENTS 
4HE SAME TYPE OF OXIDOREDUCTION CYCLES WITH ENVIRONMENTAL 
ELECTRON MICROSCOPY WERE PERFORMED WITH PURE 0D PARTICLES 




BY A  FACTOR  OR   ;= 4HESE  IN SITU RESULTS AGREE WITH THE 
EX SITU MEASUREMENTS PREVIOUSLY PERFORMED AFTER ANNEALING 
OF THE 0D CLUSTERS IN PURE / THEN TRANSFER TO THE MICROSCOPE 
;=  !LL  THESE  OBSERVATIONS  ARE  IN  AGREEMENT  WITH  THE 
¾ATTENING  OF  THE  SHAPE  AND  THE  REDUCTION  OF  THE  ADHESION 
ENERGY BUT NO ROUNDING WAS OBSERVED FOR 0D PARTICLES UNDER 
OXYGEN  )N  BOTH  CASES  WITH  !U  OR  0D  THE  OXIDO  REDUCTION 
CYCLES HAVE A REVERSIBLE EFFECT ON THE PARTICLES SHAPES
! MASS SPECTROMETER WAS CONNECTED TO THE OUTLET OF THE 
SAMPLE  HOLDER  OF  THE  MICROSCOPE  IN  ORDER  TO  ANALYSE  THE 























THE  IN¾UENCE  OF  THE  PARTICLE  MORPHOLOGY  ON  THE  CATALYTIC 
ACTIVITY IN THE #/ OXIDATION REACTION 0REVIOUS WORK ON EX SITU 











STRONGER  ADHESION  THAN  ON  -G/  /N  4I/    ANATASE  AN 
ADHESION  ENERGY  OF    *M  IS  MEASURED  WHICH  IS  IN 
AGREEMENT  WITH  THE  GROWTH  OF  !U  ON  A  4I/  ¯RUTILE  	 
EXTENDED  SURFACE  UNDER  5(6 WHICH  RESULTS  IN  AN  ADHESION 
ENERGY OF AROUND  *M MEASURED BY #OSANDEY AND -ADEY 
;= 4HIS LARGE ADHESION ENERGY EXPLAINS ALSO THE POSSIBILITY 





"Y USING THE ENVIRONMENTAL CELL  %#%,,	  IN  THE (24%-  IT 
HAS BEEN POSSIBLE  TO OBSERVE  THE MORPHOLOGY OF  THE SAME 
GOLD CLUSTERS DURING CYCLES OF ( AND / GAS TREATMENTS 'OLD 
CLUSTERS  DEPOSITED  ON  AMORPHOUS  CARBON  OR  4I/  EXHIBIT 
UNDER  HYDROGEN    MBAR	  A  TRUNCATED  OCTAHEDRON  SHAPE 
WHICH  CORRESPONDS  TO  THE  EXPECTED 7ULFF  SHAPE  FOR  A  FCC 
CRYSTAL  &URTHERMORE  THE  FACT  THAT  THE  SURFACE  ENERGY 
ANISOTROPY SS IS EQUAL TO  IMPLIES THAT A NEGLIGIBLE 
QUANTITY OF HYDROGEN IS ADSORBED ON THE CLUSTER )N PRESENCE 
OF  OXYGEN    MBAR	  THE  CLUSTER  SHAPE  RAPIDLY  BECOMES 
ROUNDED AND SIMULTANEOUSLY THE ADHESION ENERGY DECREASES 
4HE  LATER  FACT  IS  IN  AGREEMENT WITH  THE  DEWETTING  OF  GOLD 
OBSERVED  ON  !U4I/  DURING  TREATMENT  UNDER  OXYGEN  ;= 
4HE FACT THAT THE !U PARTICLES TEND TO BECOME ROUND UNDER 












MORE  ROUNDED  4HE  SAME  HYPOTHESIS  CAN  ALSO  EXPLAIN  THE 
TIME  DELAY  OBSERVED  IN  THE  REACTIVITY  OF  SMALL    NM	  !U 
CLUSTERS  ON  AN  EXTENDED -G/	  SURFACE  ;= -OLECULAR 
BEAM  EXPERIMENTS  SHOWED  THAT  ON  CLEAN  !U  CLUSTERS 
PREPARED UNDER 5(6  THE ACTIVITY  IS VERY  SMALL AND AFTER AN 
INDUCTION  PERIOD  THE  ACTIVITY  INCREASED  UP  TO  A  CONVERSION 
FACTOR OF  THEN IT STAYED CONSTANT ;=  4HUS DURING THE 
INDUCTION  PERIOD  IN  THE  PRESENCE  OF  AN  OXYGEN  PRESSURE 
THE  !U  CLUSTERS  WOULD  BECOME  ROUND  AND  THEN  MORE 
ACTIVE  FOR  #/  OXIDATION  )N  THE  PRESENT  EXPERIMENTS  WITH 
THE ENVIRONMENTAL (24%- WE HAVE SEEN THAT CIRCULATING / 









)N  CONCLUSION  THE  MAIN  RESULT  OF  THIS  STUDY  IS  THAT  THE 
SHAPE  OF  SUPPORTED  !U  CLUSTERS  EVOLVES  UNDER  OXYGEN  OR 
DURING #/ OXIDATION  TO BECOME  ROUNDED 5NDER  HYDROGEN 
THE  GOLD  PARTICLES  RETRIEVE  THE  FACETED  SHAPE  CLOSE  TO  THE 
7ULFF  POLYHEDRON 7E  BELIEVE  THAT  THIS  SHAPE  EVOLUTION  IN 
REACTION CONDITION IS A KEY FACTOR IN THE #/ OXIDATION ON NM
SIZED SUPPORTED !U CLUSTERS !BOUT THE NATURE OF THE SUPPORT 
IT HAS BEEN SHOWN THAT THE ADHESION OF GOLD CLUSTERS IS LARGER 
ON 4I/ THAN ON -G/ )N FURTHER STUDIES WE WILL COMPARE THE 
ACTIVITY OF THESE TWO SYSTEMS IN THE SAME CONDITIONS
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